Mathematics and Statistics

Review of the draft curriculum statement

The process for review of the statement was as follows:

Lift Education reviewed the long submissions to the curriculum and provided summary documents pertaining to the M&S curriculum. In general the feedback was positive though it did highlight a difference between primary and secondary teacher feedback. Secondary teachers were far less content with the broad achievement objectives and requested a greater degree of specificity than primary teachers. 

Detailed feedback on particular wording was provided by Lift though this reflected a small number of submissions. Where appropriate, e.g. NZCER, SANZ, and Horowhenua College, actual copies of the submissions were sought and read.

The nzmaths website collected over 80 pages of feedback from secondary teachers and one submission from primary teachers. We also received submissions from HOD clusters in Auckland and from lead teachers of numeracy in Dunedin. We commissioned Barry Brocas, formerly senior lecturer in mathematics education at Massey University, to provide a synthesis of the secondary feedback. His 18 page report guided the rewriting process.

The three writing groups were re-commissioned to consider the draft in light of these submissions and member’s personal reflections. It was almost two years since the original work began so the process was one of revisiting after a long absence. The dates of the meetings were:

Levels 4-8

27-29 March in Wellington

Kevin Hannah, Louise Addison, Gwenda Hill, Jeanette Saunders, Derek Smith, Derek Glover, Peter Hughes, Geoff Gibbs
Levels 1-4/5

4-5 April in Auckland

Gill Thomas, Murray Britt, Liz Southey
Statistics 

10-11 April in Auckland

Maxine Pfannkuch, Pip Arnold, Lisa Darragh

Final rewriting was done by Vince Wright with an annotated version being prepared that documented suggested changes from the draft wording and justifications for those changes. This document is attached.

Key Considerations

The most significant submissions recommending change came from secondary teachers. There was general confusion about the role of a curriculum at non-compulsory levels of schooling and a collective cynicism about how the document might be interpreted through NCEA achievement standards. The writing committee adopted the view that the curriculum specified what might be studied by students at particular levels. These AO’s were in turn assessed through achievement standards. A course of study at years 12 and 13, in particular, was a selection from those standards, not the totality of them. There was a widespread belief that the curriculum should narrow down the range of AO’s so that year 12 and 13 courses were less crowded. Perceived over crowding of the curriculum at levels 7 and 8 is an issue that must be dealt with through the qualifications process and the choices made by individual schools.

Secondary teachers were not familiar with numeracy project terminology though such terminology is uniformly accepted in the research community. The strongest recommendation in number was to express the AO’s at levels 4-6 in more traditional terms. The writing groups have attempted to do so.

The feedback on the statistics strand was the greatest cause for concern. Many teachers saw the rewriting of the statement and the name change to Mathematics and Statistics as some sort of take over bid by professional statisticians. Any new terminology, such as “relative risk”, was strongly contested and it was clear that many of the concepts from the 1992 curriculum are not embedded in existing practice. Many submissions questioned the change in balance between number and algebra, geometry and measurement, and statistics with the perceived introduction of more content. In many respondents’ minds volume of words equated to amount of time and weighting of the strand. The New Zealand Statistics Association made a number of key contributions to the development of the draft curriculum and provided an additional paper on probability.

The writing teams have considered these submissions and rewritten the statistics outcomes in an attempt to clarify the meaning of the AO’s. However, new concepts remain and the provision of a glossary, support material, and professional development seem instrumental to the success of the curriculum implementation in this strand. The issue of the relative weighting of the strands up to level 6 needs to be revisited. The balance reflected in the Venn diagrams at levels 4-6 were rejected by many respondents.

There were other specific content issues that needed addressing. A stronger emphasis on basic fact knowledge and place value understanding at levels 1-4 was needed. Findings from the numeracy project research reports and the recent NEMP report supported this. Confusion over the meaning of the word “structure” in the AO’s required a rewriting of those AO’s more in terms of the properties of operations the word was designed to convey. We were particularly indebted to a submission from NZCER that raised many specific issues such as the absence of estimation and graphing relations at lower levels. 

Most recent draft
Attached below is the current wording of the Mathematics and Statistics curriculum statement. It contains footnotes that highlight areas in which there has been significant change (or non-change) from the draft document. The footnotes provide justification for the new wording in terms of submissions or reflective thought from the writers. 

Mathematics and Statistics

What is mathematics and statistics about?

Mathematics is the exploration and use of patterns and relationships in quantities, space, and time. Statistics is the exploration and use of patterns and relationships in data. These two disciplines are related but different ways of thinking and of solving problems. Both disciplines equip students with effective means for investigating, interpreting, explaining, and making sense of the world in which they live.

Mathematicians and statisticians use symbols, graphs, and diagrams to help them find and communicate patterns and relationships, and they create models to represent both real-life and hypothetical situations. These situations are drawn from a wide range of social, cultural, scientific, technological, health, environmental, and economic contexts.

Why study mathematics and statistics?

By studying mathematics and statistics, students develop the ability to think creatively, critically, strategically, and logically. They learn to structure and to organise, to carry out procedures flexibly and accurately, to process and communicate information, and to enjoy intellectual challenge.

By learning mathematics and statistics, students develop other important thinking skills. They learn to create models and predict outcomes,

to conjecture, to justify and verify, and to seek patterns and generalisations. They learn to estimate with reasonableness, to calculate with precision, and to understand when results are precise or must be interpreted with uncertainty
. Mathematics and statistics have a broad range of practical applications in everyday life, in other learning areas, and in workplaces.

How is the learning area structured?

The achievement objectives are presented in three strands. It is important that students can see and make sense of the many connections within and across the strands.

Number and Algebra. Number involves calculating and estimating, using appropriate mental, written, or machine calculation methods in flexible ways. It also involves knowing when it is appropriate to use estimation, and an appreciation of the reasonableness of results
. Algebra involves generalising and representing the patterns and relationships found in numbers, shapes, and measures.

Geometry and Measurement. Geometry involves recognising and using the properties and symmetries of shapes and describing position and movement. Measurement involves quantifying the attributes of objects, using appropriate units and instruments. It also involves predicting and calculating rates of change.

Statistics involves identifying problems that can be explored by the use of appropriate data, designing investigations, collecting data, exploring and using patterns and relationships in data, solving problems, and communicating findings. Statistics also involves interpreting statistical information, evaluating data-based arguments, and dealing with uncertainty and variation.

Venn Diagrams

The current Venn Diagram for Level Three that shows a time ratio of 2:1:1 for number and algebra: geometry and measurement: statistics should be extended to level six.

A suggestion from NZCER staff is the following:

Levels 1 and 2 (as in draft)


Level 3 





Levels 4and 5

Level 6










Generic stem should read:

In a range of meaningful contexts, with an awareness of the sense of their solutions
, students will be engaged in thinking mathematically and statistically. 

Level 1
Solving problems and modelling situations that involve:

Number and Algebra

Number strategies 

· Using a range of counting, grouping, and equal-sharing strategies with whole numbers and fractions.

Number knowledge

· Knowing the forward and backward counting sequences of whole numbers to 100.

· Knowing groupings with five, within ten and with ten.
Equations and expressions

· Communicating and explaining counting, grouping, and equal-sharing strategies, using words, numbers and pictures.

Patterns and relationships

· Generalising that the next counting number gives the result of adding one object to a set and that counting the number of objects in a set tells how many.
· Creating and continuing sequential patterns.

Geometry and Measurement

Solving problems and modelling situations that involve:

Measurement

· Ordering and comparing objects or events by length, area, volume and capacity, weight (mass), turn (angle), temperature, and time by direct comparison and/or counting whole numbers of units.

Shape 

· Sorting objects by their appearance.

Position and Orientation 

· Giving and following instructions for movement that involve distances, directions, and half/quarter turns.

· Describing their position relative to a person or object.

Transformation

· Communicating and recording the results of translations, reflections, and rotations on plane shapes.

Statistics

Statistical Investigation 

· Conducting investigations using the statistical enquiry cycle that involve:

· posing and answering questions 

· gathering, sorting, counting, and displaying category data

· discussing the results.

Statistical Literacy

· Interpreting statements made by others
 from statistical investigations and probability activities. 
Probability

· Investigating simple situations with elements of chance, acknowledging and anticipating possible outcomes.

Mathematics and Statistics

Level 2

Number and Algebra

Solving problems and modelling situations that involve:

Number strategies and knowledge

· Using simple additive strategies with whole numbers and fractions.

Number knowledge

· Knowing forward and backward counting sequences with whole numbers to at least 1000.

· Knowing the basic addition and subtraction facts.

· Knowing how many ones, tens and hundreds are in whole numbers to at least 1000.

· Knowing simple fractions in everyday use.

Equations and expressions 

· Communicating and interpreting simple additive strategies using words, diagrams (pictures), and symbols.

Patterns and relationships

· Generalising that whole numbers can be partitioned in many ways.
· Finding rules for the next member in a sequential pattern.

Geometry and Measurement

Solving problems and modelling situations that involve:

Measurement

· Creating and using appropriate units and devices to measure length, area, volume and capacity, weight (mass), turn (angle), temperature, and time. 

· Partitioning and/or combining like measures and communicate them, using numbers and units.

Shape

· Sorting objects by their spatial features, with justification. 

· Identifying and describing the plane shapes found in objects.

Position and orientation 

· Creating and using simple maps to show position and direction. 

· Describing different views and pathways from locations on a map.

Transformation

· Predicting and communicating the results of translations, reflections, and rotations on plane shapes.

Statistics

Statistical investigation 

· Conducting investigations using the statistical enquiry cycle that involve:

· posing and answering questions 

· gathering, sorting, and displaying category and whole number data; 

· communicating findings based on the data.

Statistical literacy

· Comparing statements with the features of simple data displays from statistical investigations or probability activities undertaken by others.
Probability

· Investigating simple situations with elements of chance, recognising equal and different likelihoods and acknowledging uncertainty.

Mathematics and Statistics

Level 3

Number and Algebra

Solving problems and modelling situations that involve:

Number strategies

· Using a range of additive and simple multiplicative strategies
 with whole numbers, fractions, simple decimals and percentages.

Number knowledge

· Knowing basic multiplication and division facts.

· Knowing counting sequences for whole numbers.

· Knowing how many tenths, tens, hundreds, and thousands are in whole numbers.

· Knowing fractions and percentages in everyday use.

Equations and expressions 

· Recording and interpreting additive and simple multiplicative strategies using words, diagrams, and symbols with an understanding of equality.

Patterns and relationships

· Generalising the properties of addition and subtraction
 with whole numbers.

· Connecting members of sequential patterns with their ordinal position
, and using tables, graphs and diagrams to find relationships between successive elements of number and spatial patterns.

Geometry and Measurement

Solving problems and modelling situations that involve:

Measurement

· Using linear scales and whole numbers of metric units for length, area, volume and capacity, weight (mass), angle, temperature, and time. 

· Finding areas and volumes of rectangles and cuboids by applying multiplication
. 
Shape 

· Defining plane shapes and prisms by their spatial features.

· Representing objects with drawings and models.
Position and orientation 

· Using a co-ordinate system or the language of direction and distance to specify locations and describe paths.

Transformation

· Describing the transformations (reflection, rotation, translation, or enlargement)  that have mapped one object onto another.

Statistics

Statistical investigation

· Conducting investigations using the statistical enquiry cycle that involve:

· gathering, sorting, and displaying multivariate
 category and whole number data and simple time-series data to answer questions;

· identifying patterns and trends in context, within and between data sets;

· communicating findings, using data displays.

Statistical literacy

· Evaluating the effectiveness of different displays in representing the findings of a statistical investigation or probability activity undertaken by others 
.

Probability

· Investigating simple situations with elements of chance by comparing experimental results with expectations from models of all the outcomes, acknowledging that samples vary. 

Mathematics and Statistics

Level 4

Number and Algebra

Solving problems and modelling situations that involve:

Number strategies and knowledge

· Using a range of multiplicative strategies when operating on whole numbers. 

· Understanding addition and subtraction of fractions, decimals and integers.

· Finding fractions, decimals and percentages of whole number, and simple fraction and decimal, amounts;
 

· Applying simple linear proportions, including ordering fractions.

· Knowing 
the equivalent decimal and percentage forms for everyday fractions.

· Knowing the relative size and place value structure of positive and negative integers
 and decimals to three places.

Equations and expressions

· Forming and solving simple linear equations.

Patterns and relationships

· Generalising properties of multiplication and division with whole numbers. 

· Using graphs, tables and rules to describe linear relationships found in number and spatial patterns.
Geometry and Measurement

Solving problems and modelling situations that involve:

Measurement

· Using appropriate scales, and devices and metric units for length, area, volume and capacity, weight (mass), temperature, angle, and time.

· Converting between metric units using whole numbers and commonly used decimals.

· Finding perimeters and areas of rectangles, parallelograms and triangles
, and volumes of cuboids from side or edge lengths. 

· Interpreting and using scales, timetables and charts.

Shape 

· Identifying classes of two and three dimensional shapes by their geometric properties.
· Relating three-dimensional models to two-dimensional representations and vice versa.

Position and orientation 

· Communicating and interpreting locations and directions using compass directions, distances and grid references.

Transformation

· Using the invariant properties of transformations (reflection, rotation, translation, or enlargement).

Statistics

Statistical investigation 

· Planning and conducting investigations using the statistical enquiry cycle that involve:

· determining appropriate variables and data collection methods; 
· gathering, sorting, and displaying multivariate category, measurement, and time-series data to detect patterns, variations, relationships, and trends;

· comparing distributions visually;

· communicating findings, using appropriate displays.

Statistical literacy

· Evaluating statements made by others about the findings of statistical investigations and probability activities.

Probability

· Investigating situations with elements of chance by comparing experimental distributions with expectations from models of the possible outcomes, acknowledging variation and independence
, 
· Using simple fractions and percentages to describe probabilities.

Mathematics and Statistics

Level 5

Number and Algebra

Solving problems and modelling situations that involve:

Number strategies and knowledge

· Reasoning with linear proportions.

· Using prime numbers, common factors, multiples, and powers (including square roots).

· Understanding operations on fractions, decimals, percentages and integers. 

· Using rates and ratios.

· Knowing commonly used fraction, decimal and percentage conversions.

· Knowing and applying standard form, significant figures, rounding and decimal place value.

Equations and expressions

· Forming and solving linear and simple quadratic equations.

Patterns and relationships

· Generalising the properties of operations with fractional numbers and integers. 

· Connecting tables, graphs and equations of linear and simple quadratic relationships found in number and spatial patterns.

Geometry and Measurement

Solving problems and modelling situations that involve:

Measurement

· Selecting and using appropriate metric units for length, area, volume and capacity, weight (mass), temperature, angle, and time, with awareness that measurements are approximate
.

· Converting between metric units, using decimals. 

· Deducing and using formulae to find the perimeters and areas of polygons and volumes of prisms.

· Finding perimeters and areas of circles
 and composite shapes and volumes of prisms, including cylinders.

Shape

· Deducing and applying the angle properties of intersecting and parallel lines and the angle properties of polygons, including construction.

· Creating accurate nets for simple polyhedra and connecting different 2-dimensional representations of 3-dimensional solids.

Position and orientation 

· Constructing and describing simple loci.

· Interpreting points and lines on co-ordinate planes, including scales and bearings on maps.
Transformation

· Defining and using transformations and describing their structures in terms of invariant properties; 

· Applying trigonometric ratios and Pythagoras’ theorem to right-angled triangles in two dimensions
.

Statistics

Statistical investigation 

· Planning and conducting investigations using the statistical enquiry cycle that involve:

· determining appropriate variables and measures;

· considering sources of variation;

· gathering and cleaning data; 

· using multiple displays, and recategorising
 data to find patterns, variations, relationships, and trends in multivariate data sets;

· comparing sample distributions visually
, using measures of centre, spread and proportion
;

· presenting a report of findings.

Statistical literacy

· Evaluating statistical investigations or probability activities undertaken by others, including their data collection methods, their choice of measures, and the validity of their findings.
Probability

· Comparing and describing the variation between theoretical and experimental distributions from situations with elements of chance. 

· Calculating probabilities using fractions, decimals
, percentages and ratios
.

Mathematics and Statistics

Level 6

Solving problems and modelling situations that involve:

Number and Algebra

Number strategies and knowledge
· Applying direct and inverse relationships with linear proportions
.

· Extending powers to include integers and fractions
;

· Applying everyday compounding rates.

· Finding optimal solutions using numerical approaches
.

Equations and expressions
· Forming and solving linear equations and inequations, quadratic and simple exponential equations, and simultaneous equations with two unknowns
.

Patterns and relationships

· Generalising the properties of operations with rational numbers, including the properties of exponents
.

· Connecting graphs, tables and equations of linear, quadratic and simple exponential relationships found in number and spatial patterns.

· Relating rate of change to the gradient of a graph.

Geometry and Measurement
Solving problems and modelling situations that involve:

Measurement

· Measuring at a level of precision appropriate to the task
. 

· Applying the relationships between units in the metric system, including the units for measuring different attributes
 and derived measures
.

· Calculating volumes, including prisms, pyramids, cones, and spheres, using formulae.

Shape 

· Deducing and applying the angle properties related to circles.
· Recognising when shapes are similar and using proportional reasoning to find an unknown length
.
· Using trigonometric ratios and Pythagoras’ theorem in two and three dimensions.
Position and orientation 

· Using a co-ordinate plane or map to show points in common and areas contained by two of more loci. 

Transformation

· Comparing and applying single and multiple transformations.

· Analysing symmetric patterns by the transformations used to create them.

Statistics

Statistical investigation 

· Planning and conducting investigations using the statistical enquiry cycle that involve: 

· justifying the variables and measures used;

· managing sources of variation, including using random sampling;

· identifying and communicating in context  (trends, relationships between variables, and differences within and between distributions) 
 using multiple displays;

· making informal inferences about populations from sample data;

· justifying findings using displays and measures
.

Statistical literacy

· Evaluating statistical reports in the media by relating the displays, statistics, processes and probabilities used, to the claims made
. 
Probability

· Investigating situations with elements of chance by:

· Comparing discrete theoretical distributions and experimental distributions, appreciating the role of sample size
.

· Calculating probabilities in discrete situations
.
Mathematics and Statistics

Level 7

Mathematics

Solving problems and modelling situations that involve:

Patterns and relationships

· Applying co-ordinate geometry techniques to points, and lines
. 

· Displaying the graphs of linear and non-linear functions and connecting the structure of the functions with their graphs
.

· Using arithmetic and geometric sequences and series.

· Applying trigonometric relationships in 2 and 3 dimensions, including the sine and cosine rules.

· Choosing appropriate networks to find optimal solutions
.

Equations and expressions

· Manipulating rational, exponential, and logarithmic algebraic expressions.

· Forming and using linear, quadratic, and simple trigonometric equations.

· Forming and using pairs of simultaneous equations, one of which may be non-linear.

Calculus

· Sketching the graphs of functions and their gradient functions and describing the relationship between these graphs. 

· Applying differentiation and anti-differentiation techniques to polynomials
.

Statistics

Statistical investigation 

· Carry out investigations of phenomena, using the statistical enquiry cycle, that involve:

· conducting surveys, using random sampling techniques
, conducting experiments and using existing data sets;

· evaluating the choice of measures for variables and the sampling and data collection methods used;

· using relevant contextual knowledge, exploratory data analysis, and statistical inference.

· Making inferences from surveys and experiments that involve:

· making informal predictions, interpolations, and extrapolations;
· using sample statistics to make point estimates of population parameters;

· recognising the effect of sample size on the variability of an estimate.

Statistical literacy

· Evaluating statistically based reports that involve:

· interpreting risk and relative risk
; 

· identifying sampling and possible non-sampling errors in surveys, including polls.

Probability

· Investigating situations with elements of chance that involve:

· Comparing theoretical continuous distributions, such as the normal, with experimental distributions
.

· Calculating probabilities using tools such as two-way tables, tree diagrams, simulations, and technology.

Mathematics and Statistics

Level 8

Mathematics

Solving problems and modelling situations that involve:

Patterns and relationships

· Applying the geometry of conic sections.

· Displaying and interpreting the graphs of functions with the graphs of their inverse and/or reciprocal functions
.

· Using permutations and combinations.

· Using curve fitting, log modelling, and linear programming techniques.

· Developing network diagrams to find optimal solutions, including critical paths.

Equations and expressions

· Manipulating trigonometric expressions.

· Forming and using trigonometric, polynomial, and other non-linear equations.

· Forming and using systems of simultaneous equations, including three linear equations and three variables, and interpreting the solutions in context.

· Manipulating complex numbers and presenting them graphically
.

Calculus

· Identifying discontinuities and limits of functions
.
· Choosing and applying a variety of differentiation, integration, and anti-differentiation techniques to functions and relations, including both analytical and numerical methods.

· Forming differential equations and interpreting the solutions.

Statistics

Statistical investigation 

· Carry out investigations of phenomena, using the statistical enquiry cycle, that involve:

· conducting experiments using experimental design principles, conducting surveys, and using existing data sets;

· finding, using, and assessing appropriate models, including linear regression for bivariate data and additive models for time-series data, seek explanations and make predictions;

· using informed contextual knowledge
, exploratory data analysis, and statistical inference;

· communicating findings and evaluating all stages of the cycle.

· Making inferences from surveys and experiments that involve:

· determining estimates and confidence intervals for means, proportions, and differences, recognizing the relevance of the central limit theorem
;

· using methods such as re-sampling or randomisation to assess the strength of evidence.

Statistical literacy

· Evaluating a wide range of statistically-based reports, including surveys and polls, experiments and observational studies, that involve:

· critiquing causal-relationship claims; 

· interpreting margins of error.

Probability

· Investigating situations with elements of chance that involve:

· Calculating probabilities of independent, combined, and conditional events
;

· Calculating and interpreting expected values and standard deviations of discrete random variables;

· Applying distributions such as the Poisson, binomial, and normal
.
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� Ian Reid’s (Learning Media editor) request to review, “infer with an appreciation of variation.”


� NZCER recommendation from draft


� NZCER suggested alternative wording


� Weight of submissions highlighted that the equal time ratio given in the draft at levels 4-6 was unrealistic and cautioned against a de-emphasis of number and algebra at these levels


� Estimation not specifically mentioned, a generic competency and disposition (Many submissions)


� Generic stem added to create conformity between levels 1-8, eliminated duplication at higher levels.


� Recommendation from NZCER, omission from current curriculum, implications for later algebra work


� “By others” uniformly adopted to show the responsive nature of literacy rather than the generative


� Findings of 2006 NEMP suggested a need to strengthen this AO


� Significance of place value highlighted by Numeracy Project Evaluations, Support for emphasis on core knowledge at lower levels from submissions


� Recommendation on draft from NZCER


� Connecting to ordinal number develops understanding of relations, Links to patterns at level 1 but caused progression problems as suggested by NZCER. Ordinal number relations is in level 3.


� “Additive partitioning” was not commonly understood, like measures is easier to interpret


� Whole number data instead of discrete numeric data to avoid the discrete/continuous confusion


� Despite submissions about using Numeracy Project jargon in the AO’s, the terms multiplicative and additive thinking were well understood by primary teachers and have commonly accepted meaning in the research literature.


� Strengthening of place value as per Numeracy Project Evaluations


� Recommended by NZCER in review of redraft.


� Recommended by NZCER in review of redraft.


� Generic acceptance that generalisation focuses on properties of operations as they apply to sets of numbers, a unifying theme through to level 6


� Suggested progression from redraft by NZCER


� Highlighting that relationships found are generally recursive, in line with Exemplar progression and research into early algebra, inclusion of graphing earlier recommended by NZCER


� Recommended abbreviation from Glenda Anthony, applying multiplication implies array concept


� Multivariate has remained despite suggestions that teachers are unclear of its meaning, a important idea if statistical investigation is to look for relationships, trends etc, glossary will explain


� Recommended by NZCER review


� Independence has been delayed to level 4 on recommendation from NZ Statistics Association and consideration of research by Jones et al.(1999), Watson (1997), and Way (2003)


� Knowledge and strategy combined in keeping with levels 5+, distinction between knowledge and strategy less clear at this level than earlier, combining helped to clarify number AO’s


� Secondary submissions strongly favoured more clarity in the AO’s and removal of numeracy project” jargon, AO’s now expressed in more commonly accepted terminology. Fractions inclusion recommended by NZCER review


� Recommended in NZCER review


� NZCER recommendation to strengthen number knowledge


� Recommended in NZCER review


� Continues emphasis on place value from previous levels


� Generalisation applies to properties of operations as applied to sets of numbers


� Previous restriction to whole number conversions made the AO trivial and was not consistent with number development at this level


� Triangle area specifically mentioned in submissions, desire to connect triangular and quadrangular area


� Variation within and between samples, and independence of events are key ideas if law of large numbers is to be understood at levels 5+


� Quantifying probabilities using fractions, decimals, percentages strongly advocated by NZ Statistics Association, supported by number development


� Secondary submissions questioned the use of “proportional strategies” so the AO’s required clarification, “Proportional reasoning” has a shared meaning in the literature and suggests the critical development in students’ number competence at this level, “linear” recommended by secondary advisory group


� A clearer expression of the thinking implied by “advanced proportional strategies”


� Understanding used deliberately to mean both calculational competence and sense of meaning


� NZCER suggested importance of rates and ratios being preferenced separately, in keeping with current curriculum, submissions did not accept the rates (ratio) idea (though modern research community does)


� Recommended by NZCER to strengthen number knowledge


� Recommended by NZCER to strengthen number knowledge


� Equivalence of structure of linear expressions and equations was not understood in submissions, this wording reflects known content at secondary level, structural similarity is a pedagogical issue to be captured in the second tier


� Use of connecting as the active verb is to capture the importance of students being able to access all three representations, and transfer between these representations to solve problems


� Measures as approximate reflects a nicer connection to the measurement process as a developmental sequence


� Absence of a specific reference to circles was questioned by several secondary responses


� Restriction to two dimensions in response to submissions seeking clarity at this level


� “Redefining categories and intervals” was not understood by secondary teachers in responses


� Recommendation from C.Wild, M.Regan, L.Smith, and M.Pfannkuch to rde-emphasise possible focus on numerical measures


� Centre and spread adopted to achieve consistency, proportion recommended by NZ Statistics Association


� NZCER review recommendation


� Tidier wording as suggested by NZ Statistics Association, combines two previous AO’s


� Level 6 in current curriculum has little new content, inverse proportions is an obvious and demanding extension from level 5, such “product of measures” problems are common in real life


� Obvious extension from level 5 that was not in previous curriculum and underpins algebra and calculus work at level 7, common comment of huge jump between levels 6 and 7


� Currently assessed in NCEA level 1 and useful for understanding many real life situations like compound interest


� An important bridge between numerical solutions and differential calculus at level 6, very accessible given computer and calculator technology, clarifies AO’s at level 6 (requested in secondary feedback). 


� Clarification to involving two unknowns as requested by secondary feedback


� Generalisation of properties theme extended to include rational numbers, strongly supported by research into students’ number development (e.g. T. Kieran, 1988), exponents essential for algebra and calculus at level 7


� Bounds of error received adverse response in submissions, measures to an appropriate level of precision is more in keeping with practical measurement activity


� Clarification of meaning of “relationships” between measures in the metric system


� Derived refers to intensive measures such as speed, density and pressure have common usage in everyday life and were missing from the previous AO’s, will need definition in glossary


� General principle of similarity that underpins trigonometry, applies proportional reasoning, and widely applicable in context


� Highlighting the critical importance at level 6 of connecting statistical findings to the context from which they arise


� Justification of findings involves a higher order thinking progression from level 5


� Extended to include probabilities as recommended by NZ Statistics Association


� Restriction to discrete contexts, clearer statement of connection between sample size and variation as recommended by NZ Statistics Association


� Removal of restriction that calculation only involved percentages, restriction to discrete situations


� Removal of “curves”, acknowledging the content pressure at level 7 and secondary feedback about difficulty of the previous AO


� Strong suggestion from writers about the key role of calculators and computers in facilitating exploration in this AO


� Rejection of some submissions to have this removed as it makes up useful credits in alternative courses offered in many schools and has real life application


� Note that this means assessment of differentiation  and only exploration of integration at level 7, emphasis on exploring differentiation at level 7 strongly recommended by University of Auckland mathematics staff, need to restrict content at year 12 and make calculus more accessible


� Random instead of randomized to restrict the sampling methods used


� Relative elicited many negative comments in the feedback, it is an important yet conceptually accessible concept and is a common feature of media reports.


� This marks a progression from level 6 to inclusion of continuous theoretical models 


� Two-way tables, tree diagrams are seen as tools, with calculation of probabilities the key idea


� The role of calculators and computers was seen by the writers as critical to this AO


� “Solving problems” in the previous wording was made redundant by the introductory stem


� “Where they exist” was redundant


� This implied that students researched about the context where their personal knowledge was insufficient


� The central limit theorem underpins estimates and confidence intervals, previous wording said 


“applying” the theorem


� No longer reference to this at level 7 due to perceived difficulty


� This does not prohibit the application of other distributions, e.g. geometric, skewed





